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This article reviews progressin the developmentof effective
cognitive remediation therapy (CRT) and its translational
process. There is now enough evidence that cognitive diffi-
culties experienced by people with schizophrenia can
change and that the agenda for the next generation of stud-
ies is to increase these effects systematically through cog-
nitive remediation. We examine the necessary steps and
challenges of moving CRT to treatment dissemination.
Theories which have been designed to explain the effects
of cognitive remediation, are important but we conclude
that they are not essential for dissemination which could
progress in an empirical fashion. One apparent barrier is
that cognitive remediation therapies look different on the
surface. However, they still tend to use many of the
same training procedures. The only important marker
for outcome identified in the current studies seems to be
the training emphasis. Some therapies concentrate on
massed practice of cognitive functions, whereas others
also use direct training of strategies. These may produce
differing effects as noted in the most recent meta-analyses.
We recommend attention to several critical issues in the
next generation of empirical studies. These include devel-
oping more complex models of the therapy effects that take
into account participant characteristics, specific and broad
cognitive outcomes, the study design, as well as the specific
andnonspecificeffectsoftreatment,whichhaverarelybeen
investigated in this empirical programme.
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We naturally think of treatment development as proceed-
ing in a linear fashion, from understanding the causes of
a specific disorder to designing treatment interventions
with targets identified by the etiology. It does not neces-
sarily work that way, especially for psychological treat-
ments. Psychological treatments are often based more
on theories about cognitive and behavioral functioning
than theories of etiology, and analyses of treatment
effects contribute to our understanding of the disorder
as much as vice versa. Because a treatment is developed
from a prototype to general use, critical questions are
addressed in a cyclic, iterative process: Can the treatment
be clearly and reliably defined? What are its active ingre-
dients? Is it acceptable to recipients and providers? Are
the treatment procedures consistent with theory? Are
the treatment effects consistent with theory (ie, do we
understand how it works)? Do the risks and costs of
the treatment outweigh the benefits? Can it be efficiently
provided in real world service systems?
The progress from basic science to standard treatment
is getting increasing attention in the research community.
There is new appreciation that it does not just happen
automatically. ‘‘Translational research’’ is a concept
thatreflectsthisrealization.Eachstepinthetranslational
pipelineservesadistinctpurposeandhasimplicationsfor
treatment validation. However, conventional under-
standings of evidence-based practice are not necessarily
sensitive to the cyclic nature of treatment development.
Translation into practice is not simply the final destina-
tion in a linear stepwise process. The pipeline loops and
meanders (illustrated in figure 1).
Thisdiscussionconsidersthedisseminationofcognitive
remediation therapy (CRT), a rapidly developing treat-
ment approach that targets the cognitive impairments
of schizophrenia. Examining the nature of rate-limiting
factors, in terms of conceptual, theoretical, and clinical
validation, clarifies the directions that research needs to
take to overcome the barriers in the translational pipeline
and allows this new treatment tool to be disseminated.
Conceptual Validation: The Role and Malleability of
Cognitive Impairments in Schizophrenia
In the 1990s, it became clear that in chronic schizophre-
nia, more cognitive impairment leads to poorer outcome,
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S80even in the context of high quality treatment and
rehabilitation.
1–3 For some, these findings energized
the development of psychological treatment techniques
that target impaired cognition in schizophrenia,
techniques whose roots were in the 1960s.
4 Others
were skeptical that cognitive impairments could be reme-
diated, or if they could, whether this would produce
meaningful benefits.
5
Pessimism about the malleability of cognition has been
given a further recent boost (at least in the United King-
dom) by more recent findings that computerized cogni-
tive exercises do not improve cognitive performance in
11 430 normal adults.
6 Of course, that finding is not nec-
essarily relevant at all to cognitive remediation in people
with schizophrenia who we know already have impair-
ments that interfere with everyday life.
The lingering skepticism about the malleability of
cognitive impairments in schizophrenia may account
for editorial policies that encourage publication of
negative findings about CRT effects.
7 This inevitably
encounters the methodological problem of ‘‘proving
the null.’’ There are too many explanations for why
any experiment did not work, and this normally leads
to conservatism in publishing negative results.
Meta-analytic techniques use corrections that adjust
for the likelihood of ‘‘desk drawer’’ negative results,
but they are based on the assumption of normally con-
servative editorial policies toward publication.
Fig. 1. Possible pathways in the meandering pipeline of treatment development
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S81Applying meta-analyses when negative results are more
liberally published therefore can mislead conclusions.
Since the mid-1990s, against the tide of pessimism,
voluminous evidence has accumulated to support the
malleability of cognitive impairment in schizophrenia.
Much of this comes from clinical trials of CRT and re-
lated treatments (eg, reviewed by
8–10). Ironically,
criticism of these trials has strongly gravitated to the
question of whether observed cognitive changes produce
meaningful benefits, leaving behind the original doubts
that impairments can be changed at all. Evidence from
longitudinal analyses shows that cognitive impairments
appear to be remarkably static in ‘‘treatment as usual,’’
11
but there is mounting evidence of recovery, at least in
some individuals, in rehabilitation settings of sufficient
quality and intensity.
12–14 Cognitive improvements
may appear in the absence of explicit cognitively targeted
treatments like CRT. In the terminology of psychother-
apy research, these are understood to be ‘‘nonspecific
treatment effects’’ of rehabilitation that may closely
resemble the ‘‘specific treatment effects’’ of CRT.
The appearance of nonspecific treatment effects cre-
ates a new question: Do the benefits of CRT exceed those
of a rich psychosocial rehabilitation environment? Stud-
ies that segregate specific from nonspecific effects, ie,
cognitive vs noncognitive treatment, generally support
an additive contribution of cognitive treatment.
10,15
If the translation of CRT is being held back, it is not by
lack of evidence that cognitive impairments in
schizophrenia are relevant to course and outcome or
that the impairments can be changed.
Where are the Theories and What are Their Implications?
It is rare for a complete understanding of a therapy to be
explicated prior to its use, in fact had we waited for one
for antipsychotic medications they would still not be in
general use. In the case of CRT, theoretical validation
means identification of mechanisms of action that could
account for cognitive impairments and, even in the ab-
sence of understanding etiology, how theories might
account for cognitive treatment effects and where use-
fully they may help to increase efficacy. Not surprisingly,
mechanisms have been proposed that operate at both
neurophysiological and cognitive levels of functioning.
At the neurophysiological level, interest focuses on
‘‘neural plasticity,’’ the ability of the brain to modify
its neural connections and networks. Trauma, genetic
anomalies, medications, environmental conditions, and
as yet unidentified etiological processes may affect these
connections and networks. It has been suggested that
medication and therapeutic environmental conditions
may stimulate neuroplastic processes toward recovery
but most research is in the form of animal models and
their relevance to human learning is not yet clear. How-
ever, human studies do have implications. For example,
Nemeth and Janacsek
16find that poorplasticityis related
to poor consolidation which is overcome if the time be-
tween learning and recall is shortened with the clear im-
plication for CRT to provide intensive massed practice.
This study also showed that elements of learning
responded differentially suggesting that CRT should
include some explicit learning to overcome neural plastic-
ity problems. Learning and related cognitive functions
are the targets of CRT and therefore of relevance to
anintegratedneurophysiological andneuropsychological
theory of treatment mechanisms. However, there remains
abiggapinourunderstandingofmolecularvsmolarpro-
cesses, eg, between synaptic activity, neuroplasticity, and
learning, and even a partial understanding will be inordi-
nately complex.
17 A more complete understanding will
happen eventually and for the purposes of translation,
it will be helped by the development of new outcomes.
18
However,thissearchfortheultimatetheoryofeverything
is probably lessimportantthanclinical-levelvalidationof
the unique and specific benefits of CRT.
Bridging biological and psychological levels of analy-
sis, Spaulding and colleagues
19 propose different
mechanisms for cognitive recovery in general and CRT
effects in particular. Here, we concentrate on those
that have specific relevance to CRT development. The
first mechanism involves a dopaminergic response orga-
nization system, which in the normal brain adjusts the
activation thresholds of cognitive processes in accor-
dance with changing environmental demands. This
allows optimal cognitive performance in a variety of
different environmental conditions by prioritizing the ac-
cessibility of processes or skills best suited to particular
conditions. The hierarchical organization created by
differential activation thresholds is disrupted by the se-
vere dopamine dysregulation associated with acute psy-
chosis. After neurophysiological stabilization of the
response organization system, CRT is hypothesized to
help reestablish hierarchical organization of adaptive
activation thresholds by creating a high demand for
the most critical processes, in a manner analogous to
the organization of motor skills through rehearsal and
practice. For example, musicians must create an artificial
demand for certain motor skills, those in involved in per-
forming, because those skills are not commonly used in
routine daily functioning. They create this demand by
‘‘practicing.’’ CRT lowers the activation thresholds of
key skills whose accessibility was lost in acute psychosis,
eg, focusing attention, selecting and sequencing
behavioral responses, analyzing task demands, process-
ing interpersonal information. The other proposed mech-
anism is compensatory learning, ie, learning new
cognitive skills to compensate for those lost. This
intersects with most other psychological models of
CRT effects.
Integrated Psychological Therapy (IPT)
20,21 was based
on a model positing a hierarchical arrangement of
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with behavioral deficits resulting from cascades of
more molecular deficits. IPT follows a progression of
exercises from molecular to molar levels, starting with
procedures common in CRT modalities and ending
with social skills training. However, hierarchical systemic
models have recently become less hierarchical and evi-
dence of linear stepwise progression through treatment
is equivocal, at best.
22 Causal influences are thought to
operate in all directions between all possible levels of sys-
temic organization. This does not disallow discovery of
specific causal relationships that can inform treatment,
23
but it does suggest that in the bigger picture of treatment,
problems at different levels of functioning can be flexibly
addressed by separate treatments. Flexibility should
enhance personalization of treatment, which is generally
assumed to enhance outcome.
A theoretical model to guide treatment and to explain
treatment effects was formulated by Hogarty and
Flesher.
24,25 Focusing primarily on cognition and social
cognition, they understand the principle cognitive failure
in a patients’ social functioning to be in rapid and highly
efficient processing of social context. Adults take for
granted their ability to instantly get the ‘‘gist’’ of what
is going on in a social situation, and automatically access
relevant contextual and procedural information in mem-
ory. Acquiring this ability is a developmental learning
process that extends from childhood through adulthood.
Disruption of the process by mental illness (or even by
subclinical etiological factors or vulnerabilities) produces
the cognitive deficit in adulthood. The resulting treat-
ment modality, cognitive enhancement therapy (CET),
was designed to strengthen ‘‘gistful’’ processing, via cog-
nitive, social cognitive, and social behavioral exercises.
Controlled clinical trials suggest CET is effective in im-
proving personal and social functioning but of course
that does not validate the theory on which it is based.
Wykes and Reeder’s comprehensive theoretical model
for CRT
26 also hasconsiderable overlap with CET, in the
domain of ‘‘metacognition’’ (cognition concerning one’s
own cognition). The emphasis—like that in CET—is on
developing an understanding of the abstract principles
that underlie tasks, which is valued more than ultimate
task proficiency as emphasized in CRTs with a more bi-
ological basis.
The appearance of similar treatment procedures de-
rived from different theoretical models is a recapitulation
of psychotherapy research in the 1950s and 1960s. It is
another reflection of the cyclic, iterative interactions
between basic science, treatment development and out-
come research that gravitate toward dissemination. In
psychotherapy research, there came a stage where the
crucial validation question became, ‘‘what specific com-
ponents (or ingredients) of therapy affect what specific
problems in what individuals under what circumstan-
ces?’’ We are quickly approaching that stage in CRT
research. Our service users present individually unique
constellations of cognitive problems. Different treatment
procedures presumably affect these problems differently,
for reasons that may involve several different neurophys-
iological, cognitive, and behavioral mechanisms. Our
theoretical models will eventually have to account for
this complexity. However, for the time being, the barrier
to dissemination is the need for specific procedures that
target specific deficits in personalized treatment proto-
cols, not the lack of a theory that explains the multiple
deficits or the respective treatment effects.
This is not to say that more aggressive investment in
basicsciencerelevanttoCRTeffectswouldnotaccelerate
the translation process (see Adcock and colleagues
27).
Nevertheless, we are at a stage of treatment development
where the dissemination to practice is more expeditiously
resolved by empirical studies of the critical ingredients of
treatment and how these relate to specific treatment out-
comes. In the language of psychotherapy research, we
need to distinguish specific from nonspecific treatment
effects. We also need to identify mediators and modera-
tors of treatment effects such as extrinsic and intrinsic
motivation,
28 mental effort,
29 and self-perceptions.
30
Then, we must use that information to design treatment
arrays that optimally combine the effects to maximize
personalization of treatment and cost-effective outcome.
This is the research task more pertinent to dissemination.
Theory can certainly inform that work, but theoretical
validation is not what will drive translation into practice.
What Should be the Outcome of Cognitive Remediation?
We naturally expect that the treatments that get dissem-
inated are the ones that are validated by outcome. How-
ever, even our brief theoretical review reveals that
outcome of CRT is complex and multidimensional.
Changing Cognition
It may seem obvious to say that CRT should do what it
says on the tin and improve cognition. A clear driver is
that people experiencing the disorder say that they would
like to improve their thinking. But if cognition is the sole
remediation outcome then it needs to be a noticeable, du-
rable improvement. This requires improvement measure-
able on cognitive tests, and these tests are designed to
withstand practice effects and related methodological
biases that make detection of change very conservative.
This yields ‘‘modest’’ treatment effects of 0.41–0.45 in
meta-analyses,
10,31 but ‘‘modest’’ is a misnomer if the
change is salient and desirable to our service users.
Learning Skills
The general aim for cognitive remediation has been du-
rable cognitive change, but this is not essential if the aim
of remediation is to aid the learning of a specific skill.
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port learning of a new skill. When the new skill has
become relatively automatic then the cognitive improve-
ment may not be needed. For such supported learning,
it is not clear how large such a cognitive improvement
might need to be. It is possible that small changes that
have an impact on learning may not be detectable in re-
mediationexperimentswithsmallsamples(mediansample
size 43; range 10–145;
10) .O n es t u d yw h i c hs h o w st h i se f -
fectwascarriedoutbySilversteinandcolleagues.
32Intheir
study of attention training, there was no evidence on cog-
nitive tests that attentionhad improved despite behavioral
measuresshowingtheseimprovements.Thetreatmentand
control groups were then given skill training in a commu-
nity reintegration programme. The group that received re-
mediationshowedsignificantadvantagesintheknowledge
and skills learnt in this latter programme suggesting that
remediation can improve skill learning even when cogni-
tive improvements are not even apparent, probably be-
cause they were too small. This may also explain how
CRT effects on occupational functioning continue to
mount for months after the end of treatment.
33
Changing Functioning
A third possibility for cognitive remediation is to concen-
trate solely on functional outcome. Again, it is not clear
howlargeacognitiveimprovementwouldbenecessaryto
support functional improvements, but it is clear that for
continued functional improvement, cognitive improve-
ments would need some durability. Functional improve-
ments might also have feedback effects on cognitive skill
and help maintain the effects of limited therapy. So, for
instance, if self-esteem was an outcome or effects on
symptoms then improvement in either measure is likely
to be beneficial for cognition. If cognitive remediation
therapies are designed to improve functioning then we
need a model of how such transfer of skills takes place.
This transfer is vital if we are to provide our patients with
the tools to cope with everyday life.
This endeavor may require us to look at rehabilitation
practices as a whole. For instance, Wykes and Reeder
26
specify variables such as task context, motivation, and per-
sonal goals as likely conditions under which transfer or gen-
eralization of cognitive skills to the real world is likely to
occur. Community opportunity and the expectations of
self and others were added by Bellack and colleagues.
34
These additional variables may also be targeted in remedi-
ation therapies through both specific and nonspecific effects
ofthetherapy.Fewstudieshavedirectlymeasuredthesevar-
iables and so we do not know if they change with therapy.
But even if they did, we would not know whether the effects
w e r ed u et os p e c i f i cb u tw e a ke ffects which may be counter-
balanced by strong nonspecific effects in the same therapy.
In summary, the outcome from cognitive remediation
must not confuse statistical with clinical significance.
Improvements, evenverysmall ones,mayhave animpact
on learning skills or future functioning. Small improve-
ments in the right cognitive domain may never have
been detectable in the small samples used in most
cognitive remediation studies. Conversely, large effect
sizes may be noticeable in some remediation studies
but may not be clinically significant because they target
a specific cognitive skill that might not be relevant for
functional outcome or learning a skill if that was the
main goal of treatment.
What is Cognitive Remediation?
Any treatment can be disseminated only to the degree
that it can be defined and distinguished from other treat-
ments. We do not usually think of this as a type of val-
idation, but as shown in our consideration of specific vs
nonspecifictreatment effects, clinical validity restsin part
on our ability to distinguish between treatments and their
respective contributions to recovery.
Despite being developed from the early 1990s, it is only
relatively recently that a clear definition of CRT was de-
veloped. The Cognitive Remediation Experts Workshop
represents the leading developers and evaluators of cog-
nitive remediation. In 2010, the following was finally rat-
ified. CRT for schizophrenia is ‘‘a behavioral– training
based intervention that aims to improve cognitive
processes (attention, memory, executive function, social
cognition, or metacognition) with the goal of durability
and generalization’’ where social cognition is defined as
‘‘the mental operations that underlie social interactions,
including perceiving, interpreting, and generating
responses to the intentions, dispositions, and behaviors
of others.’’
One of the first challenges for CRT evaluation is the
number of treatment labels that purport to be cognitive
remediation. This suggests that differences between pro-
grammes are important for their beneficial effects, but it
is our contention that these apparent surface differences
hide a multitude of similarities that probably contribute
to overall benefits. The programmes differ in their name,
their mode of operation, the presence of a therapist, and
whether they are provided to individuals, in a group or
both. But do these differences really have an impact
on the benefits of cognitive remediation? The evidence
is mixed. One meta-analysis
31 provided no evidence of
a lack of homogeneity of effects in global cognition be-
tween different studies, suggesting that most were
equivalent. A more recent meta-analysis
10 did find
some heterogeneity in global cognition that allowed
the investigation of therapy differences but found no
therapy characteristics to explain the variation in cogni-
tive outcome. These results suggest that specific
programme differences are not important to the benefit,
although, of course, they may be important in other ways
suchasintheacceptabilityoftreatment,cost-effectiveness,
specificity to certain deficits, etc.
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from the same behavioral training template with varia-
tions in dimensions such as duration, intensity, and ther-
apist support. If we can agree on these commonalities
then the nextlevel of empirical investigation is the thresh-
old levels on the differing dimensions that predict overall
improvement. In other words, we need to extract the
effective ingredients.
How are Cognitive Remediation Therapies the Same?
In general, the training protocols use 3 or 4 techniques
supplemented by extended practice in carrying out tasks
to improve the automatization of the information pro-
cessing necessary for each task. Each cognitive remedia-
tion paradigm usually picks from the training techniques
and presents them in a tailored way both for the specific
programme and for the individual receiving the training.
The first technique adopted by most remediation pro-
grammes is ‘‘errorless learning’’ where individuals are
taughttocarryoutcognitivetasksbyreducingtheoppor-
tunity for making errors. This means that the task or
therapist provides support for all the steps required to
complete the task. Sometimes, this even means that the
task is built up backwards from the end result to the be-
ginning,
35 sometimes tasks are presented very slowly ini-
tially and then speeded up,
13 or in most programmes,
very simple tasks are provided first and then this leads
to more difficult ones
36,37. Gradually, the supports can
be removed as the participant becomes more skilled at
the component processes, more confident in their ability,
and therefore, more independent of the therapist or task
support. In general, cognitive remediation programmes
that depend on this type of training try to ensure that
the participant scores at a high level (usually above
80%) throughout the cognitive remediation programme.
The second type of training technique is ‘‘self-monitor-
ing’’ which allows an individual to develop a technique
for rehearsal of both the task instructions as well as being
of use for task completion. This is implemented in a va-
riety of ways. For instance, some programmes carry out
this monitoring by reminders or hints, which are embed-
ded within a computer programme, whereas in other
regimes, the therapist provides the structure for the
reminders and the therapeutic rational for the use of
self-monitoring. This may involve verbalization of the
task instructions, overtly initially and then covertly.
This has recently been shown to improve performance
on some executive tasks although it is detrimental to eas-
iertasks,which dependmoreonspeed thanaccuracy.
38It
may therefore be especially effective in normalizing
dysfunctional language dependent cognitive systems in
schizophrenia or on the most complex tasks.
Another prevalenttraining technique is to provide ‘‘scaf-
folding.’’ In this method, task complexity is tied to the par-
ticipants’ level of competence such that they are able to
carry out the task but it requires some effort. This tech-
nique differs from errorless learning in that the task com-
ponents have generally been learnt but the complexity of
the task can be varied. This is essential as new information
processing strategies will need to be adopted when the task
complexity exceeds current demands. So for instance, if the
taskistolearn3numbers,asimplevisualtechniquecouldbe
used but when the number exceeds 5 or 6 digits, new strat-
egies need to be implemented. This technique is introduced
in most programmes and is dependent on achieving a par-
ticularperformancelevelonatasksothatmovingfromone
level to another is automatic in a computer task and is gen-
erated by therapists in other programmes. This technique
ensures that the participant can be engaged in the therapy
whilst not being either bored or overwhelmed.
A further specific technique adopted by many is to
suggest alternative learning supports that allow the
processing of more information. So the term ‘‘chunking’’
may be used to produce smaller subgoals or pieces of in-
formation that can be rehearsed or monitored. This type
of learning is more often used in those cognitive remedi-
ation programmes that have been described as strategy
learning to differentiate them from those techniques
where practice is more prevalent.
DoDifferencesBetweenRemediationProgrammesMatter?
All therapies include practice on tasks in order to build
confidence and skill. However, some programmes build
practice on a specific skill set,
37 whereas others build
practice around different tasks where the strategies might
bethesamebutaregeneralizedacrosstaskswithdifferent
formatswithin aswell as betweensessions.
39,40 Theinten-
sity of practice is also usually agreed as needing to be
high, either using a psychological approach because it
preventsforgettingbetweensessionsand/orinaneurosci-
ence approach because it is essential to building neural
plasticity as the most neural reorganization in motor
learning occurs at the flat part of the learning curve ie,
when learning is relatively maximal for a specific
task.
41 Practice to achieve successful performance within
remediation therapies therefore provides no clear differ-
entiation between the 2 approaches rather they differ in
their theoretical foundations which lead to different
approaches to therapy design.
Extended practice on a single task is purported to have
an impact on neural plasticity because it relies on delete
implicit and procedural memory, which is relatively un-
impaired in people with schizophrenia.
42 In contrast,
strategy-based training also uses practice but relies on
the premise that generalizations of strategy use across
tasks is likely to have a larger effect on future learning
andthetransferoftraining.Thisassumptionissupported
by evidence from computational neuroscience models
that specifically identify mechanisms underlying cogni-
tive flexibility, which are essential for novel learning.
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generalization takes place when initial learning is carried
out in more task contexts even when the number of trials
isequivalent.
43Theauthorsofthatstudysuggestthatthis
is because more task contexts compel the use of the same
representation across tasks, whereas with few tasks, it
was possible for the network to use different representa-
tions for different tasks. Using the same representation
clearly has the advantage when switching to novel situa-
tions, as far fewer errors were made in the networks
trained to develop a strategic approach to all tasks.
This facilitation of transfer has also been found for the
teaching of mathematical skills where providing tasks
that encouraged the building of broad cognitive schemas
led to better transfer of mathematical skill to new prob-
lems than practice on very similar tasks with the same
descriptions of the problem structure.
44 If remediation
therapies are concerned with transfer of training (and
not all are) then the breadth of tasks included in the pro-
grammeneedstobeconsidered.Practiceonthesametask
mightallowforneartransfer(totaskssimilarin style)but
would be less likely to lead to far transfer.
Although cognitive remediation therapies differ in
their intensity of training and their length, these variables
had no effects in the most recent meta-analysis and
neither did the use of a computer in therapy.
10 Despite
practice having little effect on learning in the large scale
normal population study,
6 there were effects for people
with a diagnosis of schizophrenia on generalized
cognitive improvement for both practise and strategy-
plus-practice remediation approaches with no significant
differences in the size of the effect, even when methodo-
logical rigor had been controlled in the analyses. So for
a cognitive outcome, there is no difference between the
approaches. However, there is a significant difference
for functional outcomes. Only strategic training
produced a significant effect on functioning. The most
recent meta-analysis involved a large number of studies
and took account of methodological differences between
studies and so is our best estimate of effects. What it
seems to show is that for specific outcomes, different
approaches might be important—where the concentra-
tion is on cognition alone, there is nothing to choose be-
tween the 2 approaches, but when functioning is a clear
outcome, then there is currently an advantage for
strategic approaches.
Potential Moderators of Treatment Success
Studies that show how treatment does not work also pro-
vide useful information by revealing factors that impede
or preventtreatment effects. This is differentfrom studies
that simply show ‘‘negative results,’’ ie, failure to
replicate positive results. Studies that identify specific
moderators of a positive treatment effect are especially
informative. For instance self-esteem is affected by
whether individuals within therapy perceived that they
had improved.
45 Those who had improved cognitively
also improved their self-esteem, whereas those that
showed no improvement actually decreased their
self-esteem. This suggests that therapy should proceed
in small increments (errorless learning and scaffolding)
so participants can experience self-efficacy following
improvement, which in turn may affect the likelihood
of improvements translating into everyday life. These
small steps and perceived self-efficacy are also important
for therapists to consider when reviewing progress
through therapy.
Choi and colleagues
30 found that if a task was perceived
as useful or worthwhile there were greater expectations of
success for the task and these greater expectations were, in
turn, related to greater persistence of learning even when
the task did not seem to be related to a person’s life.
The lesson learned here is that cognitive remediation has
to be presented within a framework of personal goals
andthetaskswithintheprogrammeshouldhaveclearlinks
to these goals. In other words, the participant needs a nar-
rative for therapy in order to engage and persist in therapy.
Itmaybethatmostcognitiveremediationtherapiesdopro-
vide such obvious links but where they do not a clear ther-
apeutic rational must be produced.
Therapist expertise is likely to have an effect as those
with lower levels of training produce less beneficial
effects.
46 However, it is not clear why this effect might
occur. The CRT in that study was computer presentation
of educational software. The therapists may be having
their effect because of their nonspecific expertise (instill-
inghope,increasingmotivation,etc)orthroughtheirspe-
cific expertise (eg, in choosing the level and type of
computersoftwareforthetrainee).Thepresenceofather-
apist also throws up the possibility that positive links
with the therapist are beneficial to outcomes. A recent
study in our group provides some evidence that higher
levels of therapeutic alliance were associated with larger
improvements in client rated outcomes following CRT,
thoughtherewasnoassociationwithcognitiveoutcomes.
Participant characteristics can make a difference to the
success of therapy. Participant age is associated with
lower cognitive effects,
47,48 although these smaller effects
were not detrimental in terms of transfer to functional
outcome.Thosestudieswithhigherproportionsofpeople
with clear cognitive impairment were more likely to make
large changes.
10 Lower levels of symptoms were weakly
associated with larger effects so symptom stability might
predictthosewhowouldbenefitthemost.Inotherwords,
the people most likely to benefit are younger, have stable
symptoms and who have clear cognitive impairment.
Research Design
Negative studies may solely have implications for
research design rather than for therapy. For instance,
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(unbalanced groups), this is likely to affect whether
change can be measured and more worryingly the
reverse—increasing the likelihood of showing a main ef-
fect of therapy.
10 Although these issues may be partly
overcome by controlling for baseline values, this may
not completely eradicate the problem. Consideration of
the internal and external validity of the study is essential
and has not always been well investigated in this field.
Studies which evaluate the specific effects of cognitive
remediation by comparing this with a group receiving
a control for the amount of contact (with a computer,
a therapist, etc) may show no differences between the
treatment groups.
7 This is because it is well known
that some of the therapies chosen as a control, eg,
learning computer skills
49 have effects on cognition.
However, this may not mean that there is no difference
between the treatment groups but only that the differen-
ces are small and may only be apparent when compared
with a Treatment-as-Usual Group where significant and
cost-effective approaches may become apparent. A clear
recommendation is therefore to have a 3-group design
with controls for specific effects in addition to a no
treatment control.
Study Outcome Measures
If outcomes are more global (ie, cover a number of
different cognitive domains), they are likely to provide
a general view of how effective cognitive remediation is
for the majority of people. This is because these outcomes
incorporate many different cognitive problems each of
which might benefit from remediation and which may dif-
ferfromindividual toindividual. So, for instance,a person
who has difficulty with sustained attention and a person
who has difficulty with stereotypical responses may
both improve on the Wisconsin Card Sort test following
remediation of general cognitive ability. But if the cogni-
tive remediation is specific to a particular domain and/or
theoutcomes are specific, then the effect size willbedriven
downbecausesomeindividualswillnotbenefit(seeWykes
and Huddy
50). The more specific approach clearly allows
cognitive mechanisms to be highlighted and this is part of
the CNTRICS initiative,
18 but it may affect the overall ef-
fect sizes of cognitive remediation trials.
Cognitive outcomes are also measured by neuropsycho-
logical tasks that have components that may be
detrimentally affected by remediation. Many remediation
approaches teach the participant to slow down, to increase
the time to plan a task, to chunk information in order to
increase recall or reduce memory load for other parts of
a task, and to monitor potential responses for correction
prior to their production. All these behaviors are likely
to improve success in everyday tasks but on timed neuro-
psychological tasks are likely to slow down performance
andsoreducetheoverallscore.Remediationmaytherefore
not necessarily lead to improved scores because although
errors may decrease; fewer tasks are completed or correct
performance is produced outside the time limits. An
agendaforcognitiveremediationmightalsoincludeacloser
observation of the data we have already collected to under-
stand, not whether our participants fail, but whether there
is any indication of change in style or pattern of perfor-
mance. These changes in style might be crucial for identi-
fying remediation-based changes.
But if we are to explore the models that might promote
the largest change, we also need to consider other out-
comes that might mediate or moderate the effects of re-
mediation. These measures might allow us to assess the
specific or nonspecific effects of therapy, which impinge
on outcome. The outcome from different therapies might
depend on different levels of each of these variables as
well as their direct effects on cognition. For instance,
figure 2 shows how measures not ordinarily defined at
the outset of an efficacy study may have large effects
onoutcome.Inthisexemplar,wechosemotivationwhich
we know has an effect on cognitive and functioning out-
come.
51Motivationmaybeimprovedbytherapyperhaps
through the experience of high levels of success. Recent
evidence on the effects of cognitive deficits on future
thinking (the ability to represent future rewards and
events) suggests that motivation may also be directly af-
fected by cognitive improvements
52.
Cognitiveremediation,inadditiontothedirecteffecton
functioning, might also act through a mediating variable.
In the figure 2, we provide coping skills as one exemplar
which might be boosted by cognitive improvements and
the improved ability to cope with environmental stressors
which would then improve functioning.
These mediators (coping skill), moderators (age), and
third factors (motivation) may all contribute in unequal
measure in different forms of cognitive remediation,
which may also be affected by therapist factors such as
the relationship between therapist and participant.
More complex figures, which also take into account the
environmental context, are given in Wykes and Reeder.
26
Cognition Functioning
Motivation
Coping
skills
Age
Fig. 2. Effects of mediator and moderator variables on behavior
change.
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We need to be mindful, rather than mindless, in our ap-
proach to cognitive remediation therapies. Because, it is
a therapy we must pay attention to therapist effects even
if the therapist’s role is just to switch on the computer
and provide basic advice. Even, these brief relationships
may have an effect on outcome. Scattered throughout
this essay has been references to the importance of these
nonspecific effects, which might have a role in affecting
moderating, mediating, or third factor variables, which
Table 1. An Agenda for Improving What Works in Cognitive Remediation
Category Issue Recommendation
Participant
characteristics
Do different cognitive remediation therapy
(CRT) affect different age groups
1. Recruit across the age span
2. Secondary analyses of age effects
Cognitive impairment 1. Consider cognitive reserve of participants
and stratify for this
2. Identify speciﬁc and general effects (see
outcomes below)
Participant approach to therapy 1. Measure therapy engagement
(attendance, estimation of worth,
understanding of)
2. Measure clinical alliance with therapist
Therapy characteristics What are the key components 1. Description in terms of errorless learning,
scaffolding
2. Session intensity and length
3. Measure reward schedule and negative
reinforcement (ie, errors)
Therapist skills 1. Deﬁne therapist basic skills
2. Measure skills and ﬁdelity
3. Deﬁne and measure nonspeciﬁc effects
thought to moderate effect of this therapy
(eg, schedule of reward)
Outcomes Speciﬁc vs General cognitive measures Include both speciﬁc cognitive measures as
well as general ones to test:
1. General cognitive improvement (efﬁcacy)
2. Mechanisms of improvement
3. Investigations of patterns of performance
within and across tests to identify the
mechanisms of change in each CRT
Alternative translational outcomes Agreement on what key outcomes to
include:
1. Process measures
2. Functional outcome or coprimary
3. Self-efﬁcacy or self-esteem
4. Improved motivation
Mediating and moderating factors See above
Design Implementation of designs to improve
the understanding of effects
Three group (Experimental Treatment [ET],
Control Treatment [CT] and Treatment-
as-Usual [TAU]) to test:
1. Efﬁcacy and effectiveness (ET vs TAU)
2. Speciﬁc efﬁcacy, process and mechanism
effects (ET vs CT vs TAU)
3. Studies should be designed to test
therapies against each other for speciﬁc
participant groups
4. Separating speciﬁc from nonspeciﬁc
treatment effects and measuring their
contribution to outcome
Theory Therapeutic implications not clear 1. Deﬁne speciﬁc therapeutic implications
of a theory
2. Deﬁne expected differences between 2
models
Not clear what improvements into
everyday life requires
1. Simple model building including process
measures, moderating, and mediating
factors
2. Testing models within and across datasets
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functional domain. These have rarely been investigated
but may hold the key to increased efficacy.
Table 1 shows the agenda that may move the field on
i nt e r m so fi m p l e m e n t a t i o ni n t oh e a l t hs e r v i c e sa n d
wider access. Health service providers need to know
much more about what might be expected to be the
costs and benefits of cognitive remediation and how
they might implement it to get the best effects. It is
up to the clinical research community to provide this
information which might not even take that long or re-
quire too much resource.
27 If the community pooled
data, it might be possible within a year to answer
some of the crucial questions and reduce the wait for
an effective therapy.
Funding
National Institute for Health Research NIHR Biomedi-
cal Research Centre for Mental Health at the South Lon-
don; Maudsley NHS Foundation Trust; Institute of
Psychiatry Kings College London (toT.W.)
Acknowledgments
T.W.acknowledgesthesupportprovidedbytheNational
Institute for Health Research NIHR Biomedical
Research Centre for Mental Health at the South
London and Maudsley NHS Foundation Trust and
Institute of Psychiatry Kings College London. The
authors have declared that there are no conflicts of
interest in relation to the subject of this study.
References
1. Wykes T, Katz R, Sturt E, Hemsley D. Abnormalities of re-
sponse processing in a chronic psychiatric group—a possible
predictor of failure in rehabilitation programs. Br J Psychia-
try. 1992;160:244–252.
2. Wykes T. Predicting symptomatic and behavioral outcomes
of community care. Br J Psychiatry. 1994;165:486–492.
3. Green MF. What are the functional consequences of neuro-
cognitive deficits in schizophrenia? Am J Psychiatry.
1996.153:321–330.
4. Spaulding WD, Storms L, Goodrich V, Sullivan M. Applica-
tions of experimental psychopathology in psychiatric rehabil-
itation. Schizophr Bull. 1986;12:560–577.
5. Bellack AS. Cognitive rehabilitation for schizophrenia—is it
possible—is it necessary. Schizophr Bull. 1992;8:43–50.
6. Owen AM, Hampshire A, Grahn JA, et al. Putting brain
training to the test. Nature. 2010;465:775–778.
7. Dickinson D, Tenhula W, Morris S, et al. A randomised, led
trial of computer-assisted cognitive remediation for schizo-
phrenia. Am J Psychiatry. 2010;167:170–180.
8. Kurtz MM, Moberg PJ, Gur RC, Gur RE. Approaches to
cognitive remediation of neuropsychological deficits in
schizophrenia: a review and meta-analysis. Neuropsychol
Rev. 2001;11:197–210.
9. Wykes T. Review: cognitive remediation improves cognitive
functioning in schizophrenia. Evid Based Ment Health.
2008;11:117.
10. Wykes T, Huddy V, Cellard C, McGurk S, Czobar P. A meta-
analysis of cognitive remediation for schizophrenia: methodol-
ogy and effect sizes. Am J Psychiatry. 2011;168:472–485.
11. Addington J, Addington D. Neurocognitive and social func-
tioning in schizophrenia. Schizophr Bull. 1999;25:173–182.
12. Spaulding WD, Fleming SK, Reed D, Sullivan M, Storzback
D, Lam M. Cognitive functioning in schizophrenia: implica-
tions for psychiatric rehabilitation. Schizophr Bull.
1999;25:275–289.
13. Wykes T, Reeder C, Corner J, Williams C, Everitt B. The
effects of neurocognitive remediation on executive processing
in patients with schizophrenia. Schizophr Bull. 1999;25:291–307.
14. Brekke J, Kay DD, Lee KS, Green MF. Biosocial pathways
to functional outcome in schizophrenia. Schizophr Res.
2005;80:213–225.
15. Spaulding WD, Reed D, Sullivan M, Richardson C, Weiler
M. Effects of cognitive treatment in psychiatric rehabilitation.
Schizophr Bull. 1999;25:657–676.
16. Nemeth D, Janacsek G. The dynamics of implicit skill consol-
idation in young and elderly adults. J Gerontol B Psychol Sci
Soc Sci. 2011;66:15–22.
17. Redondo RL, Morris RGM. Making memories last: the syn-
aptic tagging and capture hypothesis. Nat Rev Neurosci.
2011;12:17–30.
18. Carter CS, Barch DM, Buchanan RW, et al. Identifying cogni-
tive mechanisms targeted for treatment development in schizo-
phrenia: an overview of the first meeting of the cognitive
neuroscience treatment research to improve cognition in schizo-
phrenia initiative. Biol. Psychiatry. 2008;64:4–10.
19. Spaulding W, Sullivan M, Poland J. Treatment and Rehabili-
tation of Severe Mental Illness. New York, NY: Guilford
Press; 2003.
20. Brenner HD, Hodel D, Roder V, Corrigan P. Treatment of
cognitive dysfunctions and behavioral deficits in schizophre-
nia. Schizophr Bull. 1992;18:21–26.
21. Roder V, Mueller D, Brenner HD, Spualding W. Integrated
Psychological Therapy. London, UK: Hogrefe; 2010.
22. Roder V, Mueller D, Mueser K, Brenner H. Integrated psy-
chological therapy: is it effective? Schizophr Bull.
2006;32(suppl 1):S81–S93.
23. Adcock R, Dale C, Fisher M, et al. When top-down meets
bottom-up: auditory training enhances verbal memory in
schizophrenia. Schizophr Bull. 2009;35:132–1141.
24. Hogarty GE, Flesher S. Developmental theory for a cognitive
enhancement therapy for schizophrenia. Schizophr Bull.
1999;25:677–692.
25. Hogarty GE, Flesher S. Practice principles of cognitive
enhancement therapy for schizophrenia. Schizophr Bull.
1999;25:693–708.
26. Wykes T, Reeder C. Cognitive Remediation Therapy for
Schizophrenia: Theory and Practice. London, UK: Brunner
Routledge; 2005.
27. Wykes T. Cognitive remediation therapy needs funding.
Nature. 2010;468:165–166.
28. Silverstein SM. Bridging the gap between extrinsic and intrin-
sic motivation in the cognitive remediation of schizophrenia.
Schizophr Bull. 2010;36:949–956.
29. Gorissen M, Sanz JC, Schmand B. Effort and cognition in
schizophrenia patients. Schizophr Res. 2005;78:199–208.
S89
Thinking About the Future CRT30. Choi J, Fiszdon JM, Medalia A. Expectancy-value theory in
persistence of learning effects in schizophrenia: role of task
value and perceived competency. Schizophr Bull.
2010;36:957–965.
31. McGurk SR, Twamley EW, Sitzer DI, et al. A meta-analysis
of cognitive remediation in schizophrenia. Am J Psychiatry.
2007;164:1791–1802.
32. Silverstein SM, Hatashita-Wong M, Solak BA, et al. Effec-
tiveness of a two-phase cognitive rehabilitation intervention
for severely impaired schizophrenia patients. Psychol Med.
2005;35:829–837.
33. Bell MD, Bryson GJ, Greig TC, Fiszdon JM, Wexler BE.
Neurocognitive enhancement therapy with work therapy:
productivity outcomes at 6-12-month follow-up. J Rehabil
Res Dev. 2005;43:829–838.
34. Bellack AS, Green MF, Cook JA, et al. Assessment of com-
munity functioning in people with schizophrenia and other se-
vere mental illnesses: a white paper based on an NIMH-
sponsored workshop. Schizophr Bull. 2007;33:805–822.
35. Kern R, Liberman RP, Kopelowicz A, Mintz J, Green MF.
Applications of errorless learning for improving work perfor-
mance in persons with schizophrenia. Am J Psychiatry.
2002;59:1921–1926.
36. Medalia A, Revheim N, Casey M. The remediation of prob-
lem-solving skills in schizophrenia. Schizophr Bull.
2001;27:259–267.
37. Fisher M, Holland C, Merzenich MM, Vinogradov S. Using
neuroplasticity-based auditory training to improve verbal
memory in schizophrenia. Am J Psychiatry. 2009;166:805–
811.
38. Harvey KE, Galletly CA, Field C, Proeve M. The effects of
verbalisation on cognitive performance in schizophrenia: a pi-
lot study using tasks from the Delis Kaplan Executive Func-
tion System. Neuropsychol Rehabil. 2009;19:733–741.
39. Wykes T, Reeder C, Landau S, et al. Cognitive remediation
therapy in schizophrenia—randomised controlled trial. Br J
Psychiatry. 2007;190:421–427.
40. Wykes T, Newton E, Landau S, Rice C, Thompson N,
Frangou S. Remediation in adolescent onset results of a rand-
omised control trial. Schizophr Bull. 2007;33:610.
41. Kleim HA, Hogg TM, VandenBerg PM, et al. Cortical synap-
togenesis and motor map reorganisation occur during late,
but not early, phase of motor skill learning. J Neurosci.
2004;24:628–633.
42. Danion JM, Meulemans T, Kauffmann-Muller F, Vermaat
H. Intact implicit learning in schizophrenia. Am J Psychiatry.
2001;158:944–948.
43. Rougier NP, Noelle DC, Braver TS, Cohen JD, O’Reilly RC.
Prefrontal cortex and flexible cognitive control: rules without
symbols. Proc Natl Acad Sci U S A. 2005;102:7338–7343.
44. Fuchs LS, Fuchs D, Prentice K, et al. Explicitly teaching for
transfer: effects on third grade students’ mathematical prob-
lem solving. J Educ Psychol. 2003;95:293–305.
45. Rose D, Farrier D, Doran A-M, Sporle T, Bogner D, Wykes
T. What do clients think of cognitive remediation therapy:
a consumer led investigation of satisfaction and side effects.
Am J Psychiatr Rehabil. 2008;11:181–204.
46. Medalia A, Richardson R. What predicts a good response to
cognitive remediation interventions? Schizophr Bull.
2005;31:942–953.
47. McGurk S, Mueser K. Response to cognitive rehabilitation in
older versus younger persons with severe mental illness. Am J
Psychiatr Rehabil. 2009;11:90–105.
48. Wykes T, Reeder C, Landau S, Matthiasson P, Haworth E,
Hutchinson C. Does age matter? Effects of cognitive rehabil-
itation across the age span. Schizophr Res. 2009;113:252–258.
49. Kurtz MM, Seltzer JC, Shagan DS, Thime WR, Wexler
BE. Computer-assisted cognitive remediation in schizo-
phrenia: what is the active ingredient? Schizophr Res.
2007;89:251–260.
50. Wykes T, Huddy T. Cognitive remediation for schizophrenia:
it is even more complicated. Curr Opin Psychiatry.
2009;22:161–167.
51. Nakagami E, Hoe M, Brekke JS. The prospective relation-
ships among intrinsic motivation, neurocognition, and psy-
chosocial functioning in schizophrenia. Schizophr Bull.
2010;36:935–948.
52. Heerey EA, Matveeva TM, Gold JM. Imagining the future:
degraded representations of future rewards and events in
schizophrenia. J Abnorm Psychol. 2011;120:483–489.
S90
T. Wykes & W. D. Spaulding